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Introduction: Tooth survival following non-surgical root canal treatment (NSRCT) in 
adult populations has been documented as high as 97%. However, to our knowledge, no 
studies have examined tooth survival following NSRCT in children. The aim of this study 
was to determine the long-term outcomes of non-surgical root canal treatment in children 
aged 6-13 years provided by both endodontists and other providers. 
Methods & Materials: Insurance claims from the Delta Dental of Wisconsin Insurance 
database of 4927 anterior and molar NSRCT completed in children aged 6-13 years from 
the years 2002-2014 were analyzed. The teeth were followed during continuous insurance 
eligibility from the time of treatment until the occurrence of any untoward event or end of 
the study period. Untoward events were identified using Current Dental Terminology 
(CDT) codes for retreatment, apicoectomy, or extraction. Kaplan-Meier survival 
estimates were calculated for 1, 5, and 10 years. Cox regression models were used to 
analyze the effect of provider type, tooth type, and age of child on survival. Analyses 
were performed using SAS 9.4 (SAS Institute, Cary, NC) and R version 3.6.3. 
Results: The survival was 99.3% at 1 year, 91.3% at 5 years, and 82.7% at 10 years. The 
survival of teeth treated by endodontists and other providers at 10 years was 86.7% and 
79.4%, respectively (p<0.05) At 10 years, first molars have a significantly lower survival 
rate when compared to central and lateral incisors (p<0.05). 
Conclusions: The survival of NSRCT in children aged 6-13 years is high at 10 years 
regardless of the provider. Teeth treated by endodontists have significantly higher success 
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Outcomes of primary endodontic therapy have been well-documented in 
endodontic literature. Outcomes of primary endodontic therapy are reported between 80-
97% (1–3). Friedman et al (1) completed a prospective study, named the Toronto Study, 
that evaluated the outcomes of primary endodontic therapy. They found an 81% overall 
success rate after 4-6 years. A retrospective study by Grossman et al (2) found a 90% 
success rate after 5 years. An insurance-based study by Salehrabi and Rohstein (3) found 
a survival rate of 97% 8 years after treatment. Other researchers have examined the 
difference in outcomes of primary endodontic therapy when comparing endodontists to 
non-endodontic specialists. An insurance-based study by Burry et al (4) found primary 
endodontic therapy in molars had a significantly higher success rate when completed by 
endodontists (89%) compared to non-endodontic specialists (85%) at 10 years. Another 
insurance-based study by Lazarski (5) found no significant difference in success rates 
when comparing endodontists with general dentists. Although outcomes of primary 
endodontics have been well-documented over time, to the best of our knowledge, no 
other studies have evaluated outcomes of primary endodontic therapy in children.  
As mentioned, there are no journal articles investigating the success rates of 
primary endodontic treatment in children. However, pulp involvement of permanent teeth 
in young children is very prevalent. A retrospective study by Al-Madi (6) found 36.5% of 
children from Saudi Arabia aged 6-18 years had pulpal involvement of at least one tooth . 
When caries or trauma results in pulp involvement in young children, there are several 
treatment options.  In teeth where the pulp remains vital, vital pulp therapy is often 
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indicated. Vital pulp therapy includes direct pulp caps and partial or full pulpotomies. In 
a systematic review by Aguilar (7), the included studies had success rates of pulpotomies 
varying from 70-90%.  Mejare and Cvek (8) found a 93.5% success rate after two years 
when partial pulpotomies were completed in young children. A randomized clinical trial 
completed by Nosrat (9) found a 100% survival at 12 months in teeth that received a 
pulpotomy after carious exposure. Although there appears to be high success rates for 
pulpotomies in young children, vital pulp therapy can only be completed when an 
involved pulp remains vital.  
In children with permanent teeth that have nonvital pulps, there are a few 
treatment options: traditional non-surgical root canal treatment (NSRCT), apical barrier 
technique, or regenerative endodontics. Various case reports and case series have been 
published showing success of regenerative endodontics in teeth with immature root 
development. A report based on a case series showed healing of periapical lesions and 
increased root length and thickness after regenerative endodontic procedures were 
completed (10). Cotti (11) showed healing of a periapical radiolucency and increased root 
length and thickness associated with a maxillary central incisor 30 months after 
regenerative procedures were completed.  In young children with pulp necrosis in 
permanent teeth with closed apices, traditional NSRCT is the treatment of choice.  
However, traditional NSRCT is very challenging due to complex pulpal anatomy and 
difficult patient management in children (6). Because of the challenging nature of this 
procedure in children, it is of great importance to understand the outcomes of NSRCT in 
children. Therefore, the aim of this study is to determine the long-term outcomes of non-






Outcomes of Primary Non-Surgical Root Canal Treatment 
 The ultimate goal of endodontic therapy is to prevent or eliminate apical 
periodontitis and to resolve patient symptoms (12). These goals are accomplished by 
elimination of microbial organisms within the root canals of the teeth (13). One way to 
ascertain whether the goals of primary endodontic treatment have been met is through 
outcome studies.  Outcome studies typically examine success of nonsurgical root canal 
treatment or the survival of the tooth.  
Survival of the endodontically treated tooth has been defined as painless retention 
of the tooth (4).  Numerous studies in endodontics have examined the survival rates of 
endodontically treated teeth (3). An epidemiologic study by Salehrabi et al. (3) examined 
the survival of 1,462,936 teeth treated in the United States over an 8 year period. They 
found an overall survival rate of 97% 8 years after initial endodontic treatment. They 
found teeth with full coverage restorations had significantly higher survival rates when 
compared to teeth without full coverage restorations (3). 
Success of the endodontically treated tooth has been more complicated to define 
and has evolved over time. In a classic study, Strindberg (14) defined the criteria required 
for success of endodontic treatment. These success criteria are now commonly referred to 
as “Strindberg Criteria” (12).  The Strindberg Criteria for success include both clinical 
and radiographic parameters. Clinically, the tooth should be without symptoms. 
Radiographically, the tooth should display normal contours and widths of the periodontal 
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ligament, or if widening is present, it should be mainly around excess root filling 
material. The lamina dura should also be intact (14).  
 Bergenholtz (13) more loosely states that the definition of endodontic success is 
“absence of apical periodontitis and clinical symptoms after a period of observation” 
(13).  The American Association of Endodontics has also more recently defined 
endodontic outcomes as healed, nonhealed, healing, or functional. A healed tooth is a 
“functional, asymptomatic tooth with no or minimal radiographic periradicular pathosis” 
(15). A nonhealed tooth is a “nonfunctional, symptomatic tooth with or without 
radiographic periradicular pathosis” (15). A healing tooth is a tooth with “periradicular 
pathosis, which are asymptomatic and functional” (15). A functional tooth is defined as a 
“treated tooth that is serving its intended purpose in the dentition” (15). 
 Several outcome studies have examined the success of endodontic treatment 
(1,2,16,17). One retrospective study by Grossman et al (2) examined the success of 432 
endodontically treated teeth one to five years after treatment. They found a 90.4% 
success rate for teeth with pre-treatment diagnosis of irreversible pulpitis, a 89.3% 
success rate for teeth with a pre-treatment diagnosis of pulp necrosis, and an 85.7% 
success rate for teeth with a preoperative periapical radiolucency (2).  
 The Toronto Study (1,16) is a classic set of prospective studies that examined root 
canal success after 4-6 years. In phase 1 of the study, 405 teeth had nonsurgical root canal 
treatment performed by graduate students. Of the teeth initially treated, 277 teeth were 
able to be recalled at the 4-6 year recall date. The researchers found an overall success 
rate of 81%. The study found that the presence of a vital pulp prior to NS-RCT had a 
significantly higher success rate when compared to nonvital pulps. Furthermore, the 
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absence of periapical radiolucency prior to NS-RCT had a significantly higher success 
rate when compared to presence of periapical radiolucency (1). 
 Phase III of the Toronto Study also examined the success of nonsurgical root 
canal treatment. In this phase of the study, 532 teeth were treated and 142 teeth were able 
to be recalled 4-6 years after treatment. Overall, the success rate of the treated teeth was 
92%. Teeth without periapical radiolucency at the time of treatment had a success rate of 
94%. Teeth with periapical radiolucency at the time of treatment had a success rate of 
77%.  The authors noted the other factors that seemed to influence success were tooth 
location (maxillary teeth had higher success rates compared to mandibular teeth) and 
restoration (teeth with permanent restorations had a higher success rate compared to those 
with temporary restorations) (16). 
 Finally, a prospective study be Sjogren et al (18) examined the success of 
nonsurgical root canal treatment 8-10 years after treatment was completed by 
undergraduate students. The study followed up on 356 teeth 8-10 years after treatment 
was completed. The overall success rate was 96% for vital teeth and 86% for necrotic 
teeth with periapical radiolucencies. The authors also found a significantly higher success 
rate in teeth where the filling reached within 2mm of the apex (94%) compared with 
those where the filling was more than 2mm short of the apex (68%) and those where the 
filling was beyond the apex (76%) (18). 
 From these studies on successful treatment outcomes , we are able to deduce that 
the teeth requiring root canal treatment have a better prognosis if they are without 
periapical radiolucency, have a permanent restoration, and the obturation material is 
within 2mm of the apex (1,3,16,18).  Other studies have examined how the survival of 
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endodontic treatment is impacted by the education of the provider (4,5,19). All general 
dentists are capable of providing nonsurgical root canal treatment to patients requiring 
this treatment. However, endodontists have two or more years of advanced training in the 
scope of endodontics.  Endodontists also, generally, limit their practice to endodontics 
(15).  
 A study by Burry et al. (4) examined the survival of endodontically treated teeth 
when treated by endodontists compared to the survival of endodontically treated teeth 
when treated by other dental providers.  The authors found that endodontists completed 
31.5% of nonsurgical root canal treatment and other dental providers completed 68.5% of 
nonsurgical root canal treatment. The authors also found that molar root canal treatment 
completed by endodontists had a significantly higher survival rate (89%) when compared 
to molar root canal treatment completed by other providers (85%) at 10 years post-
operative (4). 
 Another study by Alley et al. (19) compared the 5 year survival rates of teeth 
endodontically treated by endodontists versus general dentists. They included 350 root 
canal treated teeth for analysis: 195 completed by general dentists and 155 completed by 
endodontists. The authors in this study found that endodontists had a 98.1% success rate 
when compared to an 89.7% success rate of general dentists (19). 
 Finally, a large retrospective study by Lazarski et al. (5) examined the survival 
rates of teeth endodontically treated by endodontists and general dentists. 44,613 root 
canal treated teeth with a minimum of 2 years of follow up were included in the study 
with endodontists completing 14,718 (33%) of the cases and general dentists completing 
29,895 (67%) of the cases. The overall survival rate was 90.6% with no statistically 
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significant difference between the two groups. Endodontists completed significantly more 
molar root canals when compared to general dentists. The authors concluded that even 
though endodontists were completing more difficult cases, their survival rates were 
similar to general dentists (5). 
 In conclusion, teeth that have undergone root canal treatment can be evaluated for 
success or survival. Survival rates have been documented at 97% (3). Success rates for 
endodontically treated teeth have been documented between 81-96% (1,2,16,17).  One 
item these success and survival outcome studies have in common is the age range of the 
population studied. All of these studies have only examined the outcome of endodontic 
treatment in adults. No studies have examined the success or survival of root canal 
treatment in children. 
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Tooth Eruption and Root Development of First Molars and Incisors 
 On average, permanent teeth begin erupting into the dentition at 6 years of age 
with the eruption of the first molars and central incisors. Lateral incisors erupt shortly 
after by the age of 7. Development of the permanent tooth continues even after the 
eruption of the tooth into the mouth. A tooth is considered immature until root 
development and apical closure have been completed. Apposition of secondary dentin is 
the process that permits the continued root development and apical closure of the tooth. 
As a general rule of thumb, apical closure of the root occurs about three years after its 
eruption into the mouth. For the first molars and incisors, completion of root 
development is expected by age 10 (20). A study by Tarpomanov et al (21) confirmed the 
age at which root formation is complete in children. A summary of the age in which the 
tooth erupts as well as the age in which root formation is completed can be found in 
Table 1 and 2.  
 
Table 1- Maxillary Eruption and Root Formation Patterns in the Permanent Dentition 
(20) 
 
Maxillary Eruption Root Formation 
Central incisor 7-8 yr 10 yr 
Lateral incisor 8-9 yr 11 yr 
Canine 11-12 yr 13-15 yr 
1st Premolar 10-11 yr 12-13 yr 
2nd premolar 10-12 yr 12-14 yr 
1st molar 6-7 yr 9-10 yr 
2nd molar 12-13 yr 14-16 yr 
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Table 2- Mandibular Eruption and Root Formation Patterns in the Permanent Dentition 
(20) 
 
Mandibular Eruption Root Formation 
Central incisor 6-7 yr 9 yr 
Lateral incisor 7-8 yr 10 yr 
Canine 9-10 yr 12-14 yr 
1st Premolar 10-12 yr 12-13 yr 
2nd premolar 11-12 yr 13-14 yr 
1st molar 6-7 yr 9-10 yr 
2nd molar 11-13 yr 14-15 yr 
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Treatment of Pulpally Involved Vital Immature Teeth 
 Pulp involvement in children due to caries or trauma is often very difficult to 
manage and treat due to incomplete root development. However, pulp involvement of 
permanent teeth in young children is very prevalent. A retrospective study found that 
36.5% of children from Saudi Arabia aged 6-18 years had pulpal involvement of at least 
one tooth (6). Therefore, it is imperative clinicians know what treatment options are 
available for pulpally involved immature teeth.  
 When vital teeth with pulpal involvement present for treatment, vital pulp therapy 
can be used for treatment. Vital pulp therapy is treatment aimed at preserving and 
maintaining pulp tissue that has been compromised by trauma, caries, or restorative 
procedures in a healthy state (15). Vital pulp therapy includes direct pulp caps, partial 
pulpotomies, and full pulpotomies.  
 A direct pulp cap involves treatment of an exposed vital pulp by sealing the pulpal 
wound with a dental material such as calcium hydroxide or mineral trioxide aggregate 
(MTA) to facilitate the formation of reparative dentin and maintenance of a vital pulp 
(15). A pulp cap is recommended for asymptomatic immature teeth that have had 
mechanical or traumatic pulp exposures (22).  
Historically, calcium hydroxide has been used as a direct pulp capping agent and 
is considered the “gold standard” (23). Calcium hydroxide has been shown to be 
antibacterial and will disinfect the superficial pulp creating a favorable healing 
environment (17). Calcium hydroxide has a high pH and will cause liquefactive necrosis 
of the superficial pulp.  However, the deeper layers of the pulp will heal in the absence of 
bacteria, and a dentinal barrier will be laid down and result in pulpal healing (22). One 
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disadvantage to using calcium hydroxide as a pulp capping agent is that it doesn’t seal the 
exposure site. It has also been shown that the calcified barrier formed has tunneling 
defect in it, which can result in bacterial leakage into the pulp (22). 
Pulp capping with calcium hydroxide has been shown to be successful in several 
studies. One retrospective study found an 87.5% success rate after 5 years (24). Another 
retrospective study including 204 teeth that were direct pulp capped with calcium 
hydroxide paste found an overall success rate of 59.3%. Those with a mechanical 
exposure had a 92.2% success rate, and those with a carious exposure had a 33.3% 
success rate (25). 
Other materials recommended as direct pulp capping agents include calcium 
hydroxide pastes, such as Dycal, and MTA (22). Like calcium hydroxide, MTA also will 
cause a calcified barrier to be placed over the pulp. However, unlike calcium hydroxide, 
the calcified barrier laid after MTA has been placed does not have tunneling defects (26). 
One systematic review showed an overall 94.5% success rate when teeth with open 
apices were pulp capped with MTA (7).  Another meta-analysis, concluded that, overall, 
pulp caps with MTA had a better prognosis than pulp caps with calcium hydroxide (23). 
Pulp capping is also recommended for asymptomatic teeth with open apices that 
have been mechanically exposed. However, for teeth that have been cariously exposed, 
partial or full pulpotomy is recommended (22,27). A partial pulpotomy (Cvek 
pulpotomy) involves the removal of a small portion of the vital coronal pulp as a means 
of preserving the remaining coronal and radicular pulp tissues (15). A full pulpotomy 
involves removing the entire coronal pulp while leaving the radicular pulp intact (15).  
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In general, it has been shown that pulpotomies are very successful in immature 
teeth diagnosed with reversible pulpitis.  A prospective study including 35 asymptomatic 
immature teeth that were cariously exposed and treated with partial pulpotomy had a 
91.4% success rate.  A randomized clinical trial found a 100% survival rate in teeth that 
received a pulpotomy after carious exposure at 12 months (9).  A systematic review 
found that partial pulpotomies had a range of success from 82.1-100% and full 
pulpotomies had a range of success from 82.7-100% (7).  
It is recommended that partial and full pulpotomies only be completed in teeth 
with open apices diagnosed with reversible pulpitis (7,22). However, some studies have 
examined the success of pulpotomies in teeth diagnosed with irreversible pulpitis. One 
clinical trial completed partial pulpotomies in teeth with reversible and irreversible 
pulpitis. The teeth with reversible pulpitis had a success rate of 93.5%. The teeth with 
irreversible pulpitis had a success rate of 66.7% (8). Another randomized controlled trial 
compared success rates of two different bioactive cements (MTA and Biodentine) when 
used in pulpotomies of teeth diagnosed with irreversible pulpitis. The overall success rate 
of the pulpotomies was 90% with no significant difference between the two cements (28). 
Overall, more research needs to be done to determine if treating immature teeth 
diagnosed as irreversible pulpitis with pulpotomies is a predictable treatment.
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Treatment of Nonvital Immature Teeth 
 Treatment of nonvital immature teeth presents as a challenge for dental 
practitioners. Traditional non-surgical root canal treatment (NSRCT) relies on a closed 
root apex to pack gutta percha against. This is not possible in immature teeth because the 
root apices are open. Therefore, there is nothing to pack the gutta percha against. There 
are a few treatment options for children who present with nonvital pulps and immature 
apices: long-term apexification with calcium hydroxide, apical barrier technique with 
MTA, or regenerative endodontic procedures (29). 
 Apexification is a method to induce a calcified barrier in a root with an open apex 
(15). Historically, this procedure has been completed by repeatedly placing calcium 
hydroxide until a calcified barrier is noted at the end of the root. This is followed by 
placement of gutta-percha within the canal space (29). In a classic retrospective study, 
apexification with calcium hydroxide was completed in 431 teeth with immature apices.  
Success of apexification varied from 28-77%. The teeth in earlier stages of root 
development had more failures when compared with teeth in later stages of root 
development (30). 
 There are two main disadvantages related to apexification with calcium 
hydroxide: no increase in root length/thickness and decreased fracture resistance (29). An 
animal study compared the fracture resistance of teeth treated with calcium hydroxide for 
100 days versus teeth treated with saline for 100 days. The authors found a significant 
decrease in fracture resistance of those teeth treated with calcium hydroxide (31).  An in 
vitro study examined fracture resistance in teeth treated with calcium hydroxide for 30 
days, calcium hydroxide for 180 days, or saline for 180 days. The study found a 
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significant decrease in fracture resistance in teeth treated with calcium hydroxide for 180 
days when compared to the other groups (32). 
 Apical barrier technique is a procedure that involves placement of a matrix in the 
apical region to prevent extrusion of endodontic filling materials in teeth with open 
apices (15). Mineral trioxide aggregate (MTA) is a material that has more recently been 
suggested for this technique (33). Historically, dentin chips, calcium hydroxide powder, 
and tricalcium phosphate have also been used for the technique with varying success 
rates (34,35).  
Apical barrier technique using MTA involves accessing the tooth, cleaning & 
shaping the canals, and placing calcium hydroxide. After 1 week, the calcium hydroxide 
is removed and 3-4mm of MTA is placed at the apex of the root. A moist cotton pellet is 
placed for 3-4 hours. After the MTA has set, the cotton pellet is removed and the tooth is 
obturated with gutta-percha (33).  
When the apical barrier technique using MTA has been utilized, the success rates 
appear to be very good. One study showed 90% of teeth treated this way were healing or 
had healed after apical barrier techniques with MTA were used (36).  Another large 
retrospective study included 252 teeth treated using the apical barrier technique with 
MTA. The study found an overall success rate of 90% with an average follow-up of 21 
months (37).  While both of these studies report very high success rates, the main 
disadvantage to this technique is that no additional root length or thickness can be 
achieved (29). This leaves the treated teeth prone to fracture and early loss. 
The third type of procedure that can be utilized in nonvital teeth with immature 
root apices is regenerative endodontics. Regenerative endodontics is a biologically-based 
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procedure designed to physiologically replace damaged tooth structures, including dentin 
and root structures, as well as cells of the pulp-dentin complex (15). The main advantage 
of regenerative endodontic procedures compared with the other procedures discussed is 
that regenerative endodontics allows for the continued development of the root (38).  
The treatment protocol for regenerative endodontic procedures involves accessing 
the tooth, followed by working length determination with a loose-fitting file. Once 
working length is achieved, the canals are irrigated with 1.5% NaOCl and 17% EDTA. 
Canals are dried and calcium hydroxide or triple antibiotic paste (TAP) is placed in the 
canals. After 2-4 weeks, the tooth is anesthetized with an anesthetic that does not contain 
epinephrine. The intracanal medicament is removed with 17% EDTA and the canals are 
dried. Bleeding is induced in the canals by instrumenting with a small file beyond the 
apex of the tooth. Once a blood clot is established within the canal, Collaplug is placed 
on top of the clot and 3mm of MTA is placed. A 3-4mm thick layer of glass ionomer is 
then placed over the MTA followed by a composite resin restoration (38). 
Several case reports, case series, and retrospective studies examining success of 
regenerative endodontic procedures have been published. A retrospective study 
comparing apical barrier techniques and regenerative endodontic procedures showed that 
regenerative endodontic procedures result in significantly more root length and thickness 
(39). A case series showed success of regenerative endodontic procedures in 8 patients 1-
5 years after treatment (10). Another case report showed healing of a periapical 
radiolucency and increased root length and thickness associated with a maxillary central 
incisor 30 months after regenerative endodontic procedures were completed (11).  
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In summary, teeth in children with pulpal involvement due to caries, trauma, or 
other reason have several treatment options that are dependent on the pulpal diagnosis.  
In vital teeth, partial or full pulpotomies can be completed. In necrotic teeth, apical 
barrier technique or regeneration are treatment options. All these techniques have been 
shown to have good outcomes in endodontic literature (7, 9, 10-11, 36-37). When these 
treatment modalities cannot be utilized, NSRCT is the treatment of choice. However, 
NSRCT in children is challenging due to the complex root anatomy, incomplete root 
development, and difficult behavioral management often witnessed in children. 
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 The data for this study was obtained via insurance enrollment and claims data 
from Delta Dental of Wisconsin.  The dataset contained demographic information on 
enrollees, start and end dates of dental insurance coverage, as well as all dental claims 
with date of service, and procedures performed. The database contained patient 
encounters that occurred between the years of 2002-2014. The database was searched for 
children 6-13 years of age who received nonsurgical root canal treatment (NSRCT) on 
permanent first molars (#3, 14, 19, 30) or permanent incisors (#7, 8, 9, 10, 23, 24, 25, 26) 
as denoted by the appropriate Current Dental Terminology (CDT) code. For the CDT 
codes searched for NSRCT on permanent first molars and permanent incisors, please 
reference Table 3.  
 
Table 3- Initiating Event CDT codes 
ROOT CANAL CDT CODE 
Anterior NSRCT D3310 
Molar NSRCT D3330 
 
The database search for NSRCT completed on permanent incisors and first molars 
yielded 4927 teeth in 4433 unique children aged 6-13 years. As with the study by Burry 
et al (4), information regarding the provider type and tooth type was collected for each 
procedure.  Provider type included endodontist, pediatric dentist, and non-
endodontic/non-pediatric specialists.  Endodontist was defined as those who completed 
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an American Dental Association accredited endodontic residency program. Similarly, 
pediatric dentist was defined as those who completed an American Dental Association 
accredited pediatric dentistry residency program. Non-endodontic/non-pediatric 
specialists included all dental providers who had not completed either a pediatric or 
endodontic residency program and will, from here on, be referred to as “other providers”. 
 The teeth were followed from time of treatment until completion of the study, loss 
of enrollment in the insurance program, or occurrence of any untoward events.  Untoward 
events were defined as extraction, nonsurgical retreatment, or apical surgery. Untoward 
events were tracked via the appropriate CDT code. Table 4 contains the unique CDT 
codes that were used to define untoward events.  As with the study completed by 
Lazarski et al (5), the occurrence of any untoward event after initial NSRCT indicated 
failure of the tooth. Likewise, the lack of any untoward event at the completion of the 
study period or loss of insurance enrollment indicated survival of the tooth. 
 
Table 4- Untoward Event CDT Codes 
UNTOWARD EVENT CDT CODE 









 Kaplan-Meier analysis was completed. Plots and survival estimates at 1-, 5-, and 
10-years were provided for each variable of interest including age (6-9 years vs 10-13 
years), provider type (endodontist, pediatric dentist, other provider), and tooth location 
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(maxillary first molar, mandibular first molar, maxillary central/lateral incisor, 
mandibular central/lateral incisor). Cox proportional hazards regression was used to 
compare survival distributions between categories for each predictor and the p-value 
from robust score test was obtained.  Analyses were performed using SAS 9.4 (SAS 
Institute, Cary, NC) and R version 3.6.3. A significance level (alpha) of p< 0.05 was used 









The data set contained information of 4927 teeth in 4433 unique children aged 6-
13 years old who had nonsurgical root canal treatment (NSRCT) between the years of 
2002-2014.  Of the 4927 teeth included in the study, 2314 (47.0%) were anterior 
NSRCTs and 2613 (53.0%) were molar NSRCTs.  There were 299 total failures (6.1%) 
noted. Table 5 contains baseline data.  
 
Table 5- Baseline Data 
Variable All (N = 4927) 
CDT code  
      3310: Anterior NSRCT 2314 (47.0%) 
      3330: Molar NSRCT 2613 (53.0%) 
Event  
      Censor 4628 (93.9%) 




The median age of the children and the time of treatment was 12 years with 576 
(11.7%) of the root canals being completed in children aged 6-9 years and 4351 (88.3%) 
of the root canals being completed in children aged 10-13 years. Endodontists completed 
1956 (39.7%) root canals, pediatric dentists completed 200 (4.1%) root canals, and other 
providers completed 2771 (56.2%) root canals. In reference to root canals completed by 
tooth location, 1612 (32.7%) were on mandibular first molars, 255 (5.2%) were on 
mandibular central/lateral incisors, 1001 (20.3%) were on maxillary first molars, and 
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2059 (41.8%) were on maxillary central/lateral incisors.  Table 5a contains additional 
baseline data. 
The survival of teeth 1 year after treatment was 99.25% [98.94%, 99.48%] with a 
total on 3744 teeth at risk. The survival of teeth 5 years after treatment was 91.27% 
[90.00%, 92.39%] with a total of 1354 teeth at risk. The survival of teeth 10 years after 
treatment was 82.66% [80.10%, 84.93%] with a total of 202 teeth at risk. Figure 1 
represents this data. 
When examining the survival of teeth after NSRCT was completed by different 
providers, NSRCT completed by endodontists had a 99.53% survival at 1 year, 92.29% 
survival at 5 years, and 86.68% survival at 10 years. Likewise, NSRCT completed by 
pediatric dentists had a 100.00% survival at 1 year, 97.45% survival at 5 years, and 
88.45% survival at 10 years. Finally, NSRCTs completed by other providers had a 
99.01% survival at 1 year, 90.12% survival at 5 years, and 79.44% survival at 10 years. 
Figure 2 displays this data. When comparing the outcomes of NSRCT completed by 
different providers, it was noted that endodontists had significantly better outcomes when 
compared to other providers (p=0.010) and pediatric dentists had significantly better 
outcomes when compared to other providers (p=0.035). However, no significant 
difference was noted when comparing pediatric dentists to endodontists (p=0.223). Table 






Table 5a- Baseline Data 
Variable All (N = 4927) 
Age at NSRCT  
      Mean (SD) 11.47 (1.46) 
      Median [Min, Max] 12.00 [6.00, 13.00] 
Age at NSRCT  
      6 - 9 576 (11.7%) 
      10 - 13 4351 (88.3%) 
Provider  
      Endodontist 1956 (39.7%) 
      Pediatric Dentist 200 (4.1%) 
      Non-endodontic/pediatric specialists 2771 (56.2%) 
Tooth location  
      Mandibular central incisors 207 (4.2%) 
      Mandibular first molars 1612 (32.7%) 
      Mandibular lateral incisors 48 (1.0%) 
      Maxillary central incisors 1815 (36.8%) 
      Maxillary first molars 1001 (20.3%) 
      Maxillary lateral incisors 244 (5.0%) 
Tooth location  
      Mandibular first molars 1612 (32.7%) 
      Mandibular central/lateral incisors 255 (5.2%) 
      Maxillary first molars 1001 (20.3%) 
      Maxillary central/lateral incisors 2059 (41.8%) 
Tooth location  
      Central/lateral incisors 2314 (47.0%) 








Figure 1- Survival of teeth after NSRCT in children aged 6-13 years 
 
 




Table 6- Survival of NSRCT in teeth completed by different providers 
 
Univariate (unadjusted) CoxPH Regression 
 
Variable HR 95% CI p-value 
Provider (N = 4927, Events = 299)    
      Endodontist vs. Non-endodontic/pediatric Specialists 0.72 [0.56, 0.92] 0.010 
      Pediatric Dentist vs. Non-endodontic/pediatric Specialists 0.45 [0.21, 0.95] 0.035 
      Pediatric Dentist vs. Endodontist 0.62 [0.29, 1.34] 0.223 
 
When examining the survival of teeth after NSRCT based on tooth type, it was 
noted that mandibular first molars had a 99.24% survival 1 year after NSRCT, 87.68% 
survival 5 years after NSRCT, and 77.92% survival 10 years after treatment. Mandibular 
central/lateral incisors had a 99.09% survival 1 year after NSRCT, 95.46% survival 5 
years after NSRCT, and 92.38% survival 10 years after NSRCT.  Maxillary first molars 
had a 99.52% survival 1 year after NSRCT, 90.26% survival 5 years after NSRCT, and 
78.97% survival 10 years after NSRCT.  Maxillary central/lateral incisors had a 99.16% 
survival 1 year after NSRCT, 93.71% survival 5 years after NSRCT, and 86.17% survival 
10 years after NSRCT. Figure 3 shows this data. Table 7 shows the survival rates when 
the different tooth types are compared. It should be noted that central/lateral incisors had 
significantly higher survival rates when compared to first molars. 
Figure 4 shows the survival of teeth after NSRCT based on tooth type when 
endodontists provide the treatment.  While maxillary and mandibular incisors have higher 
survival rates compared to maxillary and mandibular molars, this difference is not 
significant. Table 8 shows the relevant p-values associated with this. 
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Figure 3- Survival of teeth after NSRCT by tooth type 
 
 
Table 7-Survival of teeth after NSRCT by tooth type 
contrast HR 95% CI p-value 
(Maxillary central/lateral incisors) / Mandibular first 
molars 
0.55 [ 0.38 , 0.78 ] <0.001 
(Maxillary central/lateral incisors) / (Mandibular 
central/lateral incisors) 
1.51 [ 0.58 , 3.95 ] 0.686 
(Maxillary central/lateral incisors) / Maxillary first 
molars 
0.66 [ 0.44 , 1.00 ] 0.052 
Mandibular first molars / (Mandibular central/lateral 
incisors) 
2.77 [ 1.07 , 7.20 ] 0.031 
Mandibular first molars / Maxillary first molars 1.21 [ 0.82 , 1.80 ] 0.597 
(Mandibular central/lateral incisors) / Maxillary first 
molars 
0.44 [ 0.16 , 1.16 ] 0.131 
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Figure 4- Survival of teeth after NSRCT by tooth type treated by endodontists 
 
 
Table 8- Survival of teeth after NSRCT by tooth type treated by endodontists 
contrast HR 95% CI p-value 
Mandibular first molars / (Mandibular central/lateral 
incisors) 
4.27 [ 0.64 , 28.29 ] 0.199 
Mandibular first molars / Maxillary first molars 1.35 [ 0.69 , 2.65 ] 0.669 
Mandibular first molars / (Maxillary central/lateral 
incisors) 
2.45 [ 1.29 , 4.64 ] 0.002 
(Mandibular central/lateral incisors) / Maxillary first 
molars 
0.32 [ 0.05 , 2.17 ] 0.416 
(Mandibular central/lateral incisors) / (Maxillary 
central/lateral incisors) 
0.57 [ 0.08 , 3.88 ] 0.878 
Maxillary first molars / (Maxillary central/lateral 
incisors) 
1.82 [ 0.87 , 3.80 ] 0.161 
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Figure 5 shows data comparing survival of teeth after NSRCT when age is a 
factor.  Teeth receiving NSRCT in children aged 6-9 had a survival of 99.15% after 1 
year, 90.11% after 5 years, and 78.14% after 10 years.  Teeth receiving NSRCT in 
children aged 10-13 years had a survival of 99.27% after 1 year, 91.40% after 5 years, 
and 83.20% after 10 years. As demonstrated in Table 9, although NSRCT completed in 
children aged 10-13 had a higher survival rate than NSRCT completed in children aged 
6-9, this finding was not significant. 
 






Table 9- Survival of teeth after NSRCT by age group 
Univariate (unadjusted) CoxPH Regression 
 
Variable HR 95% CI p-value 
Age (N = 4927, Events = 299)    
      6 - 9 vs. 10 - 13 1.13 [0.80, 1.60] 0.490 








Survival rates following nonsurgical root canal treatment are of importance both 
to providers as well as patients. Survival following endodontic therapy has been well-
documented in endodontic literature in adult populations at 85-97% survival (3,4).  
However, to the best of our knowledge, no previous study has examined outcomes of 
endodontic therapy in children. Due to complex anatomy and incomplete root 
development, it is of utmost importance to understand outcomes of endodontic therapy to 
provide the best possible care for children who require this treatment (6).  Therefore, the 
aim of this study was to determine the long-term outcomes of non-surgical root canal 
treatment in children aged 6-13 years.  
This study found the survival rates of endodontically treated teeth in children are 
99.25%, 91.27%, and 82.66% at 1-, 5-, and 10- years respectively.  While these survival 
rates are high and therefore desirable, these outcomes have lower survival when 
compared to other similar studies in adult populations.  An insurance based study in an 
adult population by Burry et al (4) found a survival of 86% at 10 years. Another 
insurance based study in an adult population found a 97% survival at 8 years (3). When 
comparing these findings of studies in adult populations to the findings of this study, it 
appears that root canal treatment in children has a lower survival than in adults.  The 
reason for the lower survival may be explained by the aforementioned complex root 
anatomy and incomplete root development seen in children (6). 
In terms of provider type, endodontists and pediatric dentists had significantly 
higher survival outcomes when compared to other providers (p<0.05, p<0.05).  A 
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possible explanation for why endodontists have higher survival outcomes when compared 
to other providers may be that endodontists have additional training in the field of 
endodontics. This may make endodontists more equipped to deal with the challenging 
anatomy and incomplete root development that we know is present in the teeth of 
children (6).  Likewise, pediatric dentists may have higher survival outcomes when 
compared to other providers because they have advanced training in dealing with 
behavioral management in children. 
Endodontists completed 39.7% of the treatment in this study, whereas, pediatric 
dentists completed 4.1% and other providers completed 56.2% of the treatment. Other 
insurance based studies that examined the effect of provider type in adult populations 
found endodontists completed around 32-34% of the treatment and other providers 
completed around 66-68% of the treatment (4,5).  Based on this information, it can be 
inferred that other providers are referring more NSRCT in children to providers with 
more training. This may imply other providers are recognizing the challenging nature of 
the treatment in children and are, therefore, referring these cases to clinicians with more 
training.   
It is of note that pediatric dentists have high survival rates, however, they only 
completed 4.1% of the NSRCTs in children.  Due to their ability to provide treatment 
with high survival, pediatric dentists should provide more of this treatment to their 
patients.  If necessary, additional training should be provided during the pediatric 
dentistry residency to increase provider acceptance of the treatment. 
When comparing the effect of survival on tooth type, it is of note that, overall, 
NSRCT in incisors has better outcomes when compared to NSRCT in molars (p<0.05).  
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One possible explanation for this is that molars have more roots and more canals and, 
therefore, more complex anatomy when compared to incisors.  Another possible 
explanation is that incisors, especially maxillary incisors, undergo more trauma when 
compared to molars (40).  In teeth that undergo trauma, bacteria is not the primary reason 
NSRCT is a necessity. However, in teeth with caries, bacteria is the primary factor that 
necessitates NSRCT (41).  This may play a role in the long-term survival of 
endodontically treated teeth and may be a reason anterior NSRCT is more successful than 
molar NSRCT. 
When only endodontists’ treatment is examined, tooth type does not appear to 
have as much of an effect on overall survival.  While the trend still is that incisors have 
higher survival rates than molars, this finding is not significant when only endodontists 
provide the treatment.  This indicates that endodontists may be capable of providing more 
consistent work regardless of tooth type. 
Perhaps one of the more surprising findings of the study was the effect of age on 
survival of teeth treated with NSRCT.  This study found no difference in survival of teeth 
treated with NSRCT in children aged 6-9 versus children aged 10-13.  This was 
surprising due to the fact that the roots are still developing in children aged 6-9 (20). 
Therefore, the treatment is expected to be more challenging and as such, the survival 
rates were expected to be worse. Perhaps a reason the survival rates were not different in 
the two age groups is due more to the behavioral management challenge. Children aged 
10-13 may also be difficult to manage behaviorally, making treatment more challenging 
on providers and preventing adequate work necessary for long-term survival. 
Insurance-based retrospective studies have several advantages, namely related to 
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size and, thus, power of study. The study size also serves to limit potential bias that could 
be present. However, insurance-based studies have limitations mainly associated with 
inability to examine certain prognostic factors we know impacts survival after endodontic 
treatment.  Such prognostic factors include pretreatment diagnosis (with necrotic teeth 
with periapical lesions having a lower survival compared to teeth with irreversible 
pulpitis), restorability of the tooth, presence of final restoration being placed, and 
obturation material within 2mm of the radiographic apex (1,3,16,18).  
Another important limitation of this study is that only survival can be evaluated. 
Success is impossible to determine from insurance-based studies.  This is because in 
order to be considered “successful” the tooth in question must be free of patient 
symptoms and have a healing or healed periapex with no periapical radiolucency (14).  
These criteria are impossible to assess without access to patient records and radiographs. 
In summary, the primary focus of this study was to determine outcomes of 
primary endodontic treatment in children by different providers. While the survival is not 
as high as in adults, it appears that endodontic therapy in children still results in high 
survival rates. Given this data, it is up to the clinician on how these cases should be 
managed based on experience/willingness to provide treatment, restorability of the tooth, 
and patient preference.  Given that endodontists and pediatric dentists have higher 
survival rates compared to other providers, referring children requiring root canal 






 This is the first insurance-based study that aimed to assess the survival of primary 
endodontic treatment in children when delivered by different providers.  Regardless of 
provider, survival of root canal treatment in children is high at 82.66% at the 10-year 
mark.  This implies NSRCT is a good treatment option in children pending provider 
treatment acceptance, patient treatment acceptance, and tooth restorability. Given the fact 
that endodontists and pediatric dentists have significantly higher survival rates when 
compared to other providers, referring pediatric endodontic cases to providers with more 







1 Friedman Shimon, Abitbol Sarah, Lawrence Herenia P. Treatment outcome in 
endodontics: The Toronto study. Phase 1: Initial treatment. J Endod 2003; 29:787-
93. 
 
2 Grossman Louis I., Shepard Laurence I., Pearson Lawrence A. Roentgenologic 
and clinical evaluation of endodontically treated teeth. Oral Surgery, Oral Med 
Oral Pathol 1964;17:368-74. 
 
3 Salehrabi Robert, Rotstein Ilan. Endodontic treatment outcomes in a large patient 
population in the USA: An epidemiological study. J Endod 2004;30:846-50. 
 
4 Burry Jacob C., Stover Sheila, Eichmiller Frederick, Bhagavatula Pradeep. 
Outcomes of Primary Endodontic Therapy Provided by Endodontic Specialists 
Compared with Other Providers. J Endod 2016;42:702-5. 
 
5 Lazarski Michael P., Walker William A., Flores Christopher M., Schindler 
William G., Hargreaves Kenneth M. Epidemiological evaluation of the outcomes 
of nonsurgical root canal treatment in a large cohort of insured dental patients. J 
Endod 2001;27(12):791–6. 
 
6 Al-Madi Ebtissam M., Al Saleh Samar A., Bukhary Sundus M., Al-Ghofaily Maha 
M. Endodontic and Restorative Treatment Patterns of Pulpally Involved Immature 
Permanent Posterior Teeth. Int J Dent 2018;2018:1-5. 
 
7 Aguilar Panuroot, Linsuwanont Pairoj. Vital pulp therapy in vital permanent teeth 
with cariously exposed pulp: A systematic review. J Endod 2011;37:581-7. 
 
8 Mejàre I., Cvek M. Partial pulpotomy in young permanent teeth with deep carious 
lesions. Dent Traumatol 1993;9:238-42. 
 
9 Nosrat Ali, Seifi Amir, Asgary Saeed. Pulpotomy in caries-exposed immature 
permanent molars using calcium-enriched mixture cement or mineral trioxide 
aggregate: A randomized clinical trial. Int J Paediatr Dent 2013;23:56-63. 
 
10 Jung Il Young, Lee Seung Jong, Hargreaves Kenneth M. Biologically Based 
Treatment of Immature Permanent Teeth with Pulpal Necrosis: A Case Series. J 
Endod 2008;34:876-87. 
 
11 Cotti Elisabetta, Mereu Manuela, Lusso Daniela. Regenerative Treatment of an 
Immature, Traumatized Tooth With Apical Periodontitis: Report of a Case. J 
Endod 2008;34:611–6.  
 
 35 
12 Chugal Nadia, Mallya Sanjay M., Kahler Bill, Lin Louis M. Endodontic Treatment 
Outcomes. Dent Clin North Am 2017;61(1):59–80. 
 
13 Bergenholtz G. Assessment of treatment failure in endodontic therapy. J Oral 
Rehabil 2016;43(10):753–8. 
 
14 Strindberg Lars Z. Dependence of the results of pulp therapy on certain factors. 
Acta Odontol Scand 1956. 
 
15 Endodontists American Association of. Glossary of Endodontic Terms 2016. Gloss 
Endod Terms 2015;9:43. 
 
16 Marquis Vincent L., Dao Thuan, Farzaneh Mahsa, Abitbol Sarah, Friedman 
Shimon. Treatment outcome in endodontics: The Toronto Study. Phase III: Initial 
treatment. J Endod 2006;32(4):299–306. 
 
17 Sjögren U., Figdor D., Spangberg L., Sundqvist G. The antimicrobial effect of 
calcium hydroxide as a short‐term intracanal dressing. Int Endod J 
1991;24(3):119–25.  
 
18 Sjögren Ulf, Hägglund Björn, Sundqvist Göran, Wing Kenneth. Factors affecting 
the long-term results of endodontic treatment. J Endod 1990;16(10):498–504.  
 
19 Alley Bradley S., Gray Kitchens G., Alley Larry W., Eleazer Paul D. A 
comparison of survival of teeth following endodontic treatment performed by 
general dentists or by specialists. Oral Surgery, Oral Med Oral Pathol Oral Radiol 
Endodontology 2004;98(1):115-8. 
 
20 Fletcher F. Pediatric dentistry: infancy through adolescence, 5th edition. Br Dent J 
2013.  
 
21 Tarpomanov Yordan, Rimalovska Sevda, Belcheva Ani, Yordanova Miroslava, 
Yordanova Svetla, Kukleva Maria. Root Development of Permanent Incisors and 
Mandibular Molars in Correlation with Treatment Plan. Folia Med (Plovdiv) 
2018;60(2):283–90.  
 
22 Ritter V, Swift Edward J, Trope Martin. <J.1601-1546.2003.00030.X.Pdf> 
2003:49–56. 
 
23 Li Zhaofei, Cao Lihua, Fan Mingwen, Xu Qingan. Direct Pulp Capping with 
Calcium Hydroxide or Mineral Trioxide Aggregate: A Meta-analysis. J Endod 
2015;41(9):1412–7.  
 
24 Haskell E. W., Stanley H. R., Chellemi J., Stringfellow H. Direct pulp capping 
treatment: a long-term follow-up. J Am Dent Assoc 1978;97(4):607–12.  
 
 36 
25 Al-Hiyasat Ahmad S., Barrieshi-Nusair Kefah M., Al-Omari Mohammad A. The 
radiographic outcomes of direct pulp-capping procedures performed by dental 
students: A retrospective study. J Am Dent Assoc 2006;137(12):1699–705. 
 
26 Parirokh Masoud, Torabinejad Mahmoud. Mineral Trioxide Aggregate: A 
Comprehensive Literature Review-Part III: Clinical Applications, Drawbacks, and 
Mechanism of Action. J Endod 2010;36(3):400–13. 
 
27 Mass E., Zilberman U. Clinical and radiographic evaluation of partial pulpotomy 
in carious exposure of permanent molars. Pediatr Dent 1993;15(4):257-9. 
 
28 Uesrichai N., Nirunsittirat A., Chuveera P., Srisuwan T., Sastraruji T., Chompu-
inwai P. Partial pulpotomy with two bioactive cements in permanent teeth of 6- to 
18-year-old patients with signs and symptoms indicative of irreversible pulpitis: a 
noninferiority randomized controlled trial. Int Endod J 2019;52(6):749–59.  
 
29 Fouad Ashraf F., Verma Prashant. Healing after regenerative procedures with and 
without pulpal infection. J Endod 2014;40:S58-64. 
 
30 Cvek M. Prognosis of luxated non-vital maxillary incsiors treated with calcium 
hydroxide and filled with gutta-percha. A retorspective clinical study. Endod Dent 
Traumatol 1992;8:45–55. 
 
31 Andreasen Jens Ove, Munksgaard Erik Christian, Bakland Leif K. Comparison of 
fracture resistance in root canals of immature sheep teeth after filling with calcium 
hydroxide or MTA. Dent Traumatol 2006;22(3):154–6.  
 
32 Doyon Glen E., Dumsha Thom, Von Fraunhofer J. Anthony. Fracture resistance of 
human root dentin exposed to intracanal calcium hydroxide. J Endod 
2005;31(12):895–7.  
 
33 Torabinejad Mahmoud, Chivian Noah. Clinical applications of mineral trioxide 
aggregate. J Endod 1999;25(3):197–205.  
 
34 Coviello John, Brilliant J. David. A Preliminary Clinical Study on the Use of 
Tricalcium Phosphate as an Apical Barrier. J Endod 1979;5(1):6–13.  
 
35 Petersson Kerstin, Hasselgren G., Petersson A., Tronstad L. Clinical experience 
with the use of dentine chips in pulpectomies. Int Endod J 1982;15(4):161–7.  
 
36 Holden David T., Schwartz Scott A., Kirkpatrick Timothy C., Schindler William 
G. Clinical Outcomes of Artificial Root-end Barriers with Mineral Trioxide 
Aggregate in Teeth with Immature Apices. J Endod 2008;34(7):812–7.  
 
37 Mente Johannes, Leo Meltem, Panagidis Dimos, et al. Treatment outcome of 
mineral trioxide aggregate in open apex teeth. J Endod 2013;39(1):20–6. 
 37 
 
38 Diogenes Anibal R., Ruparel Nikita B., Teixeira Fabricio B., Hargreaves Kenneth 
M. Translational science in disinfection for regenerative endodontics. J Endod 
2014;40(4 SUPPL.):S52–7.  
 
39 Bose Raison, Nummikoski Pirkka, Hargreaves Kenneth. A Retrospective 
Evaluation of Radiographic Outcomes in Immature Teeth With Necrotic Root 
Canal Systems Treated With Regenerative Endodontic Procedures. J Endod 
2009;35:1343-9. 
 
40 De Paula Barros Jackeline Nogueira, De Araújo Thayssa Augusto Assis, Soares 
Thais Rodrigues Campos, et al. Profiles of trauma in primary and permanent teeth 
of children and adolescents. J Clin Pediatr Dent 2019;43(1):5–10.  
 
41 Andreasen Frances M., Kahler Bill. Pulpal response after acute dental injury in the 
permanent dentition: Clinical implications - A review. J Endod 2015;41(3):299–
308.  
 
 
 
